Background: Socioeconomic inequalities in cancer mortality have been observed in different European countries and the US until the end of the 1990s, with changes over time in the magnitude of these inequalities and contrasted situations between countries. The aim of this study is to estimate relative and absolute educational differences in cancer mortality in France between 1999 and 2007, and to compare these inequalities with those reported during the 1990s. Methods: Data from a representative sample including 1% of the French population were analysed. Educational differences among people aged 30-74 were quantified with hazard ratios and relative indices of inequality (RII) computed using Cox regression models as well as mortality rate difference and population attributable fraction. Results: In the period 1999-2007, large relative inequalities were found among men for total cancer and smoking and/or alcohol related cancers mortality (lung, head and neck, oesophagus). Among women, educational differences were reported for total cancer, head and neck and uterus cancer mortality. No association was found between education and breast cancer mortality. Slight educational differences in colorectal cancer mortality were observed in men and women. For most frequent cancers, no change was observed in the magnitude of relative inequalities in mortality between the 1990s and the 2000s, although the RII for lung cancer increased both in men and women. Among women, a large increase in absolute inequalities in mortality was observed for all cancers combined, lung, head and neck and colorectal cancer. In contrast, among men, absolute inequalities in mortality decreased for all smoking and/or alcohol related cancers. Conclusion: Although social inequalities in cancer mortality are still high among men, an encouraging trend is observed. Among women though, the situation regarding social inequalities is less favourable, mainly due to a health improvement limited to higher educated women. These inequalities may be expected to further increase in future years.
Background
Cancer is a major cause of death in Europe and worldwide. Nowadays, almost 50% of deaths at middle age is caused by cancer [1] . In addition, socioeconomic inequalities in cancer rates are an important contributor to socioeconomic inequalities in total mortality. During the 1990s, this contribution was large in Southern European countries as reported in several studies [2, 3] . This was also reported in other settings where cardiovascular diseases used to play an important role in socioeconomic inequalities in mortality such as Sweden [4] or New Zealand [5] , cancer being there now the main driver of socioeconomic inequalities in female mortality during the 1990s.
Time trends in socioeconomic inequalities in cancer mortality differ by cancer site and by country. Large inequalities have been reported for respiratory, cervix uteri, stomach and liver cancer in the US [6] . Over the 1980s and the 1990s, an increase in educational differences in cancer mortality has been shown in the US [7] [8] [9] or in Norway [10] for all cancers combined as well as for lung and colorectal cancer, with a decrease in mortality rates more pronounced among higher educated men and women. On the contrary, stable inequalities in cancer mortality have been observed in Barcelona during the 1990s [11] . In France, inequalities in total cancer and specific cancer site mortality increased until the end of the 1990s both in men and women [2] . A specific situation has been observed for breast cancer mortality. Educational differences in mortality disappeared during the 1990s in France [12] as in Finland [13] , whereas higher mortality rates among higher educated women were still observed in most countries [14] .
These studies focused on the period until the end of the last century, or the very first years of the 2000s. Given that socioeconomic inequalities in cancer mortality within and between countries have changed over time, it is worthwhile examining recent trends especially in a country where large inequalities have been reported in the past. In addition, both relative and absolute measures of inequalities as well as measures comparing the two extreme educational groups and measures taking into account the whole population are needed to get an accurate and comprehensive picture of educational differences in cancer mortality and eventually help the policy makers to tackle these inequalities.
The aim of this analysis is to provide an overview of relative and absolute educational differences in cancer mortality in France during the period 1999-2007 and to compare these inequalities with those reported during the previous decade (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) .
Methods
The analysis is based on a representative sample of the French population (the Echantillon Démographique Permanent) created by the French National Institute of Statistics (INSEE) containing about 1% of the population [15] . The sample includes all persons born on any one of four specific calendar dates in any year and is regularly updated to include new subjects with any of these birthdays. Data are updated at each successive census. We excluded people born outside of mainland France because their vital status was not adequately recorded. Causes of death were obtained by linkage with the French national death registry (CépiDc, INSERM). The causes of death were identified for over 99% of the deceased included in this analysis. The underlying causes of death were classified according to the International Classification of Disease, Ninth Revision (ICD-9) for the years until 1999 and the International Classification of Diseases, Tenth Revision (ICD-10) for the years 2000-2007.
Socioeconomic status was measured using education level as declared at census in 5 categories: no diploma, primary education, lower secondary or vocational upper secondary education, general upper secondary education, tertiary education.
Educational differences in cancer mortality were studied for the period 1999-2007. In addition, these differences were compared with those observed in the previous decade (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) . Analyses were restricted to people aged 30-74 at 1990 or 1999 census, depending on the analysis. Subjects were followed until death, their 75th birthday, or 31/12/ 1998 or 31/12/2007 (depending on the analysis), whichever occurred first. We excluded people with missing educational information (n = 156, 0.1% in 1990 and n = 16224, 5.8% in 1999). The analysis was finally conducted among 120,307 men and 130,980 women for the period 1990-1998 and among 127,843 men and 137,833 women for the period 1999-2007.
Analyses were conducted separately for men and women. We used several indicators to assess educational differences in mortality. Relative socioeconomic inequalities in mortality were assessed using Cox regression models, with age as the time variable. We computed hazard ratios (HR) by education as well as relative indices of inequality (RII). Details about the calculation of the RII can be found elsewhere [16] . Briefly, the calculation of the RII is based on a ranked variable for education, which specifies for each educational group the mean proportion of the population with a lower level of education. The RII is then computed by regressing the mortality on this ranked variable. Thus, the RII expresses inequality in the whole socioeconomic continuum. It deviates further from 1 as the educational inequalities in the study population widen. In addition, age standardized mortality rates (MR) were computed with direct standardisation, using the WHO European standard population as standard [17] .
A trend test was carried out to test the hypothesis that the RII changed over time. Mortality for the entire period was analyzed using a Cox proportional hazards model, with age as the time variable and the following explanatory variables: the period as a categorical variable to take into account mortality that is generally decreasing over time; the ranked variable for education; an interaction term between the period and the ranked variable for education. This interaction term measures the linear trend of the progression over time of the RII.
We also computed the Population Attributable Fraction (PAF) attributable to education as follows [18] :
with p i the share of the ith educational group, RR i the hazard ratio of mortality in the ith group when compared with the highest educated. It can be interpreted as the proportion of deaths that could be avoided if all educational groups had the same rate of mortality as the tertiary educated.
Absolute inequalities were assessed with mortality rate difference (RD) between the highest and the lowest education groups. We also calculated the number of deaths attributable to education differences in mortality, thereafter called AD, as the product of the PAF by the average MR [16] . This can be interpreted as the total number of deaths that could be avoided if all educational groups had the same rate of mortality as the tertiary educated.
The research that is reported in the manuscript has been performed with the approval of the CNIL (French data protection agency, reference 902368). The permission to use the data within the frame of this approval has then been given by the organisms in charge of data collection (Insee for census data and Inserm-CepiDc for mortality data).
Results
Education level increased between 1990 and 1999 both in men and women, the increase was more pronounced among women. In 1999, the education distribution was quite similar among men and women except a higher proportion of women with primary education and a higher proportion of men with lower and vocational upper secondary education (Table 1) . Between 1990-1998 and 1999-2007, the age-standardized cancer MR strongly decreased among men from 375 (per 100000) to 312 whereas it remained stable among women (from 161 to 154). In the period 1999-2007, when compared with men with tertiary education, the HR of total cancer mortality was significantly elevated in all the other educational groups, ranging from 1.30 (95% CI: 1.10-1.53) among men with upper secondary general education to 2.40 (2.10-2.73) among men without any diploma (Table 1) . Among women, we observed similar significantly higher total cancer MR among the four lower educational groups when compared with tertiary education. During the period 1999-2007, lung, upper aerodigestive tract (UADT) and colorectal cancers were the most frequent cancers among men, and breast, lung and colorectal cancers the most frequent among women. These cancer sites accounted for slightly less than 50% of the total cancer MR both in men and women (Tables 2 and 3) . During the period 1999-2007, marked relative educational differences in total cancer mortality as measured with RII were observed among men (RII = 2.42, 95% CI: 2.13-2.74) ( Table 2 ). Differences were particularly large for UADT and oesophagus (RII > 5.5). A RII higher than 3 was found for stomach, bladder and liver cancer. An elevated RII of 2.45 was found for lung cancer mortality. On the contrary, no association between education and mortality was found for cancer of kidney, brain and central nervous system, and lymphatic and haematopoietic tissue. Colorectal cancer mortality increased slightly with decreasing education but the RII did not reach statistical significance. For women, modest educational differences Number of deaths attributable to differences in education, computed as the product of PAF by MR; in total cancer mortality were found (RII = 1.28, 1.08-1.52) ( Table 3 ). The RII was significantly higher than 1 only for uterus (RII = 2.12, 1.01-4.47) and UADT (RII = 2.95, 1.16-7.48) cancer mortality. High RIIs were found for lung, UADT, colorectal, and liver cancer, but without reaching statistical significance.
When compared with the period 1990-1998, no change was observed in the magnitude of the RII for total cancer Number of deaths attributable to differences in education, computed as the product of PAF by MR; All RR by educational level could not be computed due to too few deaths, therefore no estimation is available. ICD codes: total cancer (140-239 in ICD-9; C00-D47 in ICD-10), and the following cancer sites: UADT (140-149, 161; C00-14, C32), oesophagus (150; C15), stomach (151; C16), colorectal (153-154; C18-C21), liver (155; C22), pancreas (157; C25), lung (162; C33-34), breast (174; C50), uterus (179-180, 182; C53-C55), ovary (183; C56), kidney (189; C64-C66, C68), bladder (188;C67), brain and central nervous system (191-192; C70-C72), lymphatic and haemaopoietic tissue (200-208; C81-C96), and other cancers (the rest of 140-239; the rest of C00-D47).
and for most specific cancer mortality both in men and women (Tables 2 and 3) . A significant increase in inequalities was nevertheless observed for mortality from "other cancers" among men. A decrease was observed among women for mortality from oesophagus and stomach cancers, although based on small numbers. In addition, the RII strongly increased between the two periods for lung cancer among women and a modest increase in RII was reported for total and lung cancer among men, although the estimates did not statistically differ between the two periods. On the contrary, the RII for breast cancer decreased.
If all educational groups had experienced the same mortality as the highest educated, the proportion of cancer deaths avoided (estimated with the PAF) would have decreased among men from 48 to 40% between the 1990s and the 2000s (p for tend = 0.24) but strongly increased among women from 9% to 24% (p for tend = 0.20) (Tables 2  and 3 ). During the 1999-2007 period, the PAF was highest among men for UADT and oesophagus cancer, followed by liver, stomach, kidney and lung cancer. Among women, the PAF was highest for colorectal cancer, followed by uterus, liver, UADT and lung cancer. It was null for breast cancer. When compared with the previous period, among men the PAF decreased for lung cancer (p for tend = 0.14) and increased for colorectal cancer from 5 to 15% (p for tend = 0.36). Among women, an increase was observed for almost all cancer sites, in particular for colorectal (p for tend = 0.06) and lung (p for tend = 0.23) cancers.
Among men, the RD for total cancer decreased between the two periods ( Table 3 ). The decrease was particularly pronounced for lung and UADT cancers. The total number of deaths avoided if the MR were similar in all educational groups to that among higher educated men (estimated with the AD) would have decreased or remained stable for almost all cancer sites but colorectal cancer. The decrease was more pronounced for AD than for the RD. Among women, the RD between the two periods slightly increased for total cancer, lung, UADT and colorectal cancers but the AD largely increased.
Discussion
Socioeconomic inequalities in cancer mortality have been observed in different European countries and the US until the end of the 1990s, with contrasted situations between countries and changes over time in the magnitude of these inequalities. To our knowledge, this is the first study documenting socioeconomic inequalities in cancer mortality during the 2000s. It showed substantial relative inequalities in France both for total cancer and specific cancers mortality. When compared to the previous decade, these inequalities tended to remain stable. Important changes were observed for absolute inequalities. In particular, absolute inequalities decreased among men for the most frequent cancers whereas they increased among women for all cancers combined, lung cancer, and especially for colorectal cancer, when assessed with the number of deaths that would be avoided if all women had the same MR as higher educated.
Many measures of inequalities have been defined in the literature [16] . The measures are complementary and allow getting a comprehensive picture of educational inequalities in cancer mortality. Methodological aspects related to the definition of each indicator may partly explain our results. First, the RII quantifies the mean increase in mortality by increasing educational rank. It is therefore less appropriate when there is no gradient between education and mortality, as observed in our data among women for most cancers where the mortality was lowest among highest educated women and similar in most other educational groups. Second, HR or RD only compares two groups whereas RII or AD takes into account the whole population and the relative size and health of each educational group. In particular, when comparing the two periods, the AD and the RD yielded to different results, highlighting the importance of the situation among middle educated people. Among men, the decrease was more pronounced for the AD than for the RD, showing both an improvement of the health among middle educated men combined with a global increase in education. On the contrary, among women, the increase in inequalities was more pronounced for the AD than for the RD for all cancers combined, UADT and colorectal cancers, showing that not only the least educated women but all women experienced a worsening of cancer mortality when compared with the most educated.
Finally, it has been argued that the PAF, and hence AD, may be less appropriate to make comparisons because the size of the reference category may impact the results if it differs between the two populations compared. However, the PAF can be interpreted as the proportional reduction in mortality rates that would occur in the hypothetical and ideal situation where everyone experiences the rate of the highest educated (i.e. the lowest mortality rate) and therefore quantifies the potential for reduction in socioeconomic inequalities. Therefore it provides relevant information from a public health point of view when a major goal of public health policies is to tackle health inequalities.
As we are describing educational inequalities in the French population in two periods, there is an overlap between the two samples analyzed, and the large majority of the 1999 population was included in the 1990 population. Therefore the dramatic change in educational attainment between 1990 and 1999, especially among women, represents a lower qualified older age group being replaced by a higher qualified younger age group. This change, however, does not explain our findings. Indeed, analyses conducted among the younger women in the first period, or excluding the women that entered the sample in the second period lead to similar results (results not shown).
During the 2000s, the largest relative educational differences were reported for lung, UADT, oesophagus, pancreas, and bladder cancer, all these cancers being associated with smoking [19] . Inequalities were particularly large for respiratory cancers both in men and women. When compared with the previous decade, these inequalities increased among women and tended to be stable among men. However, both in men and women, they are likely to increase in future years. Indeed, socioeconomic inequalities in smoking have increased during the last decades both among women and men in France [20, 21] . Moreover, an increase in educational differences in lung cancer mortality has been reported in the younger generations during the 2000s [22] . On the contrary, diverging trends between men and women are observed with regards to absolute inequalities. Among men indeed, absolute inequalities in smoking and/or alcohol related cancers, namely lung, UADT and oesophagus [19, 23] , decreased during the 2000s whereas the available evidence suggested an increase until the end of the 1990s [24] . Among women on the other hand, absolute inequalities as measured with RD or AD have increased during the last decade and are expected to increase further, due to the large increase in smoking rates [25] . Smoking is still and will remain a large contributor to socioeconomic inequalities in cancer mortality. Studies have consistently pointed to the difficulty to implement efficient policies aiming at reducing social inequalities in smoking [26] . However, even if we manage to reduce both smoking and socioeconomic inequalities in smoking, it will take decades for relative inequalities in smoking related cancers mortality, especially lung cancer mortality, to decrease [27] .
Alcohol consumption accounts for a part of cancer mortality including head and neck, oesophagus and liver. A large decrease (approximately 30%) in alcohol consumption has been observed from 1960 to 2001 [28] . Literature on socioeconomic differences in alcohol consumption is sparse, and to our knowledge, there is no study on time trends in these differences. However one study reported that around 1990 in France inequalities were found in excessive alcohol consumption [29] .
We observed modest and stable over time relative inequalities in colorectal cancer mortality. A similar pattern was reported in Barcelona [11, 30] but it contrasted with the large inequalities found in the US [6] . Educational differences in the prevalence of overweight or obesity, one of the main risk factor for colorectal cancer [31] , may explain these international differences. In France, both rates and educational differences in obesity have increased between 1991 and 2003, especially among women [32] . As a consequence, educational differences in colorectal cancer incidence rates are likely to increase in future years. We already observed an increase in several inequality measures between the 1990s and the 2000s. First, colorectal cancer is the only frequent cancer where the PAF increased between the 1990s and the 2000s, especially among women. In addition, the MR decreased between the two periods, but absolute inequalities as measured by RD or AD increased, especially among women. Moreover, a nationwide screening is being implemented in France. The screening rate is still low, around 40% [33] , but higher among people with higher socioeconomic position (SEP) [34] . In order not to increase social inequalities in colorectal cancer survival, public health policies should devote special efforts to increase screening rates in all social groups. Although this had not been observed until now, colorectal cancer may become a large contributor to social inequalities in cancer mortality in the coming years in France.
In France, educational differences in breast cancer mortality have disappeared during the 1990s [12] . This trend was also observed in Finland [13] and in other European countries among younger women [14] . Our results show that the lack of association between education and breast cancer mortality seems to remain during the 2000s both on the relative and absolute scale. Trends in socioeconomic inequalities in breast cancer mortality are difficult to assess, in particular because these inequalities combine inequalities in incidence that favour women with a lower SEP [35] and inequalities in survival that favour women with a higher SEP [36] . Breast cancer is a multifactorial disease, however age at first birth is suggested to be the main risk factor explaining social differences in breast cancer incidence [37] [38] [39] . Literature suggests diminishing differences in age at first birth between educational groups over time, with a postponement of age at first birth among lower educated women [40] . A nationwide screening for breast cancer has been implemented in France at the beginning of the 2000s and is likely to impact socioeconomic inequalities in cancer survival. Socioeconomic inequalities in screening uptake are still reported in France [41] . However, a recent study showed an increase in screening rates in all socioeconomic groups between 2000 and 2005, and as a consequence, a decrease in absolute difference in screening rates between women with the highest and the lowest SEP [42] . Therefore, inequalities in breast cancer mortality are not expected to largely change in the coming years.
Some methodological issues should be discussed. Our analysis was based on a large sample representative of the French population born in mainland France. The population born in French overseas territories was excluded because the causes of death were not adequately recorded over the follow-up period for this population. In addition, we limited our analyses to people aged below 75 due to the less accurate certification of causes of death among older subjects. A few limits in the codification of causes of death should be mentioned. For uterine cancers, tumours of the endometrium or cervix could not be distinguished because 45% of uterine deaths were coded 'Malignant neoplasm of uterus, part unspecified'. However, the educational differences observed in uterine cancer mortality are mostly driven by cervical cancer [43] . Misclassification of some secondary cancers as primary liver cancers is also likely to have occurred. The percentage of missing values on education was extremely low in 1990 due to some internal procedures performed by Insee on the 1990 census dataset. This could have slightly altered the results; however we expect the influence, if any, to be small. Conversely, 5.8% of our population had missing education in 1999. Additional analyses showed that this group displayed mortality similar to that found among men and women with primary education.
Conclusion
Cancer remains a major contributor to socioeconomic inequalities in mortality in France. The reduction of social inequalities in cancer is one of the main public health policy targets of the French Cancer Plan 2009-2013. In this regard, this study provides important results, documenting areas of improvement during the last decade and those where progress is still needed. Relative inequalities remained globally stable among men and women, but the situation regarding absolute inequalities differed by gender. Among men, an important decrease was observed during the 2000s, especially for several frequent cancers (lung, UADT and oesophagus), whereas inequalities seemed to increase for colorectal cancer. In contrast, among women, although the lack of inequalities for breast cancer persisted during the 2000s, the situation regarding social inequalities is less favourable, especially for colorectal cancer, mainly due to a health improvement limited to higher educated women.
